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a b s  t r a  c t

Background: Systemic sclerosis is an autoimmune disease that could significantly affect

internal  organs, increasing the  mortality associated with the disorder. Pulmonary hyper-

tension is one of the conditions that increase the morbidity and mortality of the disease.

The  aim of the  study was to develop a systematic literature review about the different

pharmacological treatments for systemic sclerosis-associated pulmonary hypertension.

Materials and methods: A  systematic literature review was made on Cochrane, PubMed

and  EMBASE. Randomized controlled clinical trials, controlled clinical trials, cohort and

case–control studies using any of the available treatments such as  prostacyclin analogs,

endothelin receptor antagonists, phosphodiesterase inhibitors or soluble guanylate cyclase

stimulants were included. The methodological quality of the studies was assessed using

Cochrane methodology for clinical trials, and the SIGN tool was applied for cohort and

case–control studies.

Results: Initially, 870 studies were found, and 20  studies were finally included in the system-

atic  review after applying inclusion and exclusion criteria. Most studies included Bosentan in

the  treatment strategies (N = 13). Also, most studies took data from the  most important clin-

ical  trials for pharmacological treatment of pulmonary hypertension of several etiologies.

Some studies using Bosentan did not give information about data regarding some out-

comes. Half of the  selected studies were clinical trials, of which two were randomized. The

quality  of these studies was good. The other half were observational studies, with moderate
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quality of evidence. In  general, it was found that approved medications improve the

6-minute walk distance, WHO functional class, NYHA functional classification, or Borg

dyspnea score, depending on the given dose in several studies, and also compound out-

comes that  include hospitalizations, clinical worsening, death, etc. Regarding mortality,

there were significant differences in survival rates when comparing approved medications

vs. placebo, being combined therapies superior to monotherapy. Measurements of hemo-

dynamic variables such as cardiac index, pulmonary resistances, and pulmonary pressures

were improved. Also, NT-proBNP levels were reduced, with some exceptions.

Conclusions: In most studies with good quality of evidence, it  was found an  improvement

in clinical and non-clinical outcomes, favoring the use of approved medications for the

treatment of systemic sclerosis-associated pulmonary hypertension.

©  2020 Published by  Elsevier España, S.L.U. on behalf of Asociación Colombiana de

Reumatologı́a.
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Antecedentes: La esclerosis sistémica es una enfermedad autoinmune que puede afectar

significativamente los órganos internos, aumentando la mortalidad asociada con dicho

trastorno. La hipertensión pulmonar es una de  las afecciones que aumentan la morbimor-

talidad  de  la enfermedad. El objetivo del estudio fue desarrollar una revisión sistemática de

la literatura sobre los  diferentes tratamientos farmacológicos para la hipertensión pulmonar

asociada a  la esclerosis sistémica.

Materiales y métodos: Se  hizo una revisión sistemática de la literatura en Cochrane, PubMed

y  EMBASE. Se incluyeron ensayos clínicos aleatorizados controlados, ensayos clínicos con-

trolados, así como estudios de  cohortes y  de casos y  controles utilizando alguno de los

tratamientos disponibles tales como los análogos de la Prostaciclina, los  antagonistas de

los  receptores de  Endotelina, los inhibidores de la Fosfodiesterasa o los estimulantes de la

Guanilato ciclasa soluble. Se evaluó la calidad metodológica de los estudios utilizando la

metodología Cochrane para los ensayos clínicos, y  se aplicó la herramienta SIGN para los

estudios de cohortes y  de casos y controles.

Resultados: Inicialmente se encontraron 870 estudios, y finalmente se incluyeron 20 estu-

dios  en la revisión sistemática después de aplicar los criterios de inclusión y  exclusión. La

mayoría de  los estudios incluyeron el Bosentán en las estrategias de tratamiento (N = 13).

Además, la mayoría de  los estudios tomaron datos de  los ensayos clínicos más  importantes

sobre el tratamiento farmacológico de la hipertensión pulmonar de diversas etiologías.

Algunos estudios que utilizaron el Bosentán no suministraron información sobre datos rela-

cionados con algunos resultados. La mitad de los estudios seleccionados fueron ensayos

clínicos,  de los cuales dos fueron aleatorizados. La calidad de estos estudios fue buena.

La otra mitad incluyó estudios observacionales, con evidencia de calidad moderada. En

general, se encontró que los medicamentos aprobados mejoran la distancia en la cami-

nata de 6  minutos, la clase funcional de  la OMS, la clasificación funcional de la NYHA, o

el  puntaje de disnea en la escala de  Borg, dependiendo de la dosis administrada en los

diferentes estudios, y  también los desenlaces compuestos que incluyen hospitalizaciones,

empeoramiento clínico, muerte, etc. En cuanto a  la mortalidad, se encontraron diferencias

significativas en las tasas de supervivencia al comparar los medicamentos aprobados ver-

sus  placebo, siendo las terapias combinadas superiores a  la monoterapia. Las mediciones

de  variables hemodinámicas tales como el  índice cardíaco, las resistencias pulmonares y

las presiones pulmonares mejoraron. Además, los niveles de NT-proBNP se redujeron, con

algunas excepciones.

Conclusiones: En la mayoría de  los estudios con buena calidad de evidencia, se encontró

una  mejoría en los desenlaces clínicos y  no clínicos, que favorece el uso de  los medica-

mentos aprobados para el tratamiento de  la hipertensión pulmonar asociada a  la esclerosis

sistémica.
©  2020 Publicado por Elsevier España, S.L.U. en nombre de Asociación Colombiana de

Reumatologı́a.
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Introduction

Systemic sclerosis (SSc) is  a systemic connective tissue-

associated autoimmune disease, characterized by the devel-

opment of microvascular injury, generalized fibrosis with

multi-organ compromise, and inadequate regulation of the

immune system. The worldwide prevalence of the disease

is variable depending on the population studied. The dis-

ease is less frequent in populations from northern Europe

and Japan, while in southern Europe, North America and

Australia it is more  prevalent. Similarly to other connective

tissue-associated autoimmune diseases, it is  more  frequent

in women. However, the disease has a worse prognosis in

men, as it is associated with higher risk of diffuse cutaneous

compromise and mortality.1

Based on the extension of cutaneous compromise, the

disease is classified into: limited SSc, diffuse SSc, and SSc

sine scleroderma. Additionally, it may  present as an overlap

syndrome, in  which clinical characteristics from other connec-

tive tissue-associated autoimmune diseases, such as systemic

lupus erythematosus, are present. Considering the  natural

history of the disease, it has been determined that the exten-

sion of cutaneous compromise and the rate of progression

are markers of possible internal organ compromise including

esophagus, lungs, kidneys, etc.1

Pulmonary compromise is one  of the most frequent com-

plications, and it  has high impact on morbidity and mortality.

The main pulmonary complications that could be developed

in these patients are fibrosis (associated with the tendency

of the disease to generate aberrant wound healing process)

and pulmonary hypertension (associated with proliferative

vasculopathy).2 The pulmonary complications have replaced

renal crisis as the main cause of mortality in patients with

SSc.4

Systemic  sclerosis-associated  pulmonary  hypertension

Systemic sclerosis-associated pulmonary hypertension (SSc-

PHT) is a frequent and severe complication of these patients.

It affects approximately 10% of patients, and it is associated

with a poor survival since diagnosis, which is  approximately

3 years.3

Pulmonary hypertension was defined as  a mean pul-

monary artery pressure above 25 mmHg, and a  pulmonary

artery wedge pressure below 15  mmHg, measured by right

heart catheterization, in  absence of interstitial lung disease.4

The pathophysiology of the disease is very complex, and

mainly covers the development of vascular lesions secondary

to injury of the pulmonary endothelium and endothelial dys-

function, producing an aberrant fibrosis and an  inadequate

vascular repair, resulting in an obliterating vasculopathy. The

arterioles present an  important thickening due to increased

muscle tissue and perivascular inflammatory changes associ-

ated with an inadequate function of monocytes/macrophages.

Additionally, the presence of endothelial dysfunction and

oxidative stress contributes greatly to the pathogenesis of the

disease.2

Pulmonary hypertension is classified by the World Health

Organization into 5  categories based on the  clinical and patho-

physiological characteristics:

I. Pre-capillary pulmonary arterial hypertension

I’. Pulmonary veno-occlusive disease

II. Post-capillary pulmonary hypertension

III. Pulmonary hypertension due to lung fibrosis or hypoxia

IV. Thromboembolic pulmonary hypertension

V. Uncommon and multifactorial pulmonary hypertension

In patients with SSc, the most frequent form is type

I, although they could also present mixed forms of the

disease.2

The phenotypic definition of pulmonary hypertension

that affects each patient continues to be a difficult pro-

cess due to the tendency to  present multiple etiologies of

pulmonary hypertension in the  context of SSc. Comorbidi-

ties of pulmonary hypertension and pulmonary fibrosis are

present in 25–50% of patients, especially in those with dif-

fuse disease. These patients have a  worse prognosis and

poor response to treatment. Pulmonary veno-occlusive dis-

ease is characterized by a  diffuse obstruction of small

pulmonary veins, and it may  be found in  61%  of patients

with SSc-PHT. This condition is also associated with a

lower survival and an increased risk of pulmonary edema

after initiating the treatment. Additionally, the cardiac com-

promise given by myocardial fibrosis could be a cause of

SSc-PHT, especially type II, by generating left ventricular

dysfunction.3

Pharmacological treatment of SSc-PHT has presented

great advances in recent years, especially with the devel-

opment of new oral medications and the  benefit of

combined therapies with different mechanisms of action.2

The treatments are based on the induction of vasodi-

lation, and for that purpose, the following mechanisms

of action have been used: endothelin-1 receptor antago-

nists (Bosentan, Ambrisentan, Macitentan, etc.), Phosphodi-

esterase inhibitors (Sildenafil, Tadalafil), guanylate cyclase

inhibitors (Riociguat), and prostacyclin analogs (Epoprostenol,

Treprostinil).1

The aim of this systematic literature review is  to assess the

efficacy of the different pharmacological treatments available

for the management of SSc-PHT.

Materials  and  methods

Selection  criteria

Types  of  studies

Randomized controlled clinical trials, non-randomized con-

trolled clinical trials, and observational studies including

cohort and case–control studies.

Observational studies without comparison group, stud-

ies that did not assess the proposed outcomes, duplicated

publications, studies on-course, and studies without enough

information to extract outcomes of interest for patients with

SSc were excluded.
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Population

Studies with adult patients (at  least 18  years of age) with diag-

nosis of SSc-PHT using any of the pharmacological treatments

available were  included.

Types  of  intervention

Studies in which some of the treatments available for SSc-

PHT (prostacyclin analogs, endothelin receptor antagonists,

phosphodiesterase inhibitors and soluble guanylate cyclase

stimulators) were compared against placebo or a medication

from another group used to treat SSc-PHT.

Outcomes

The primary outcomes included in the study were exercise

capacity measured with the 6-minute walk test, functional-

ity measured with WHO functional class or NYHA functional

classification, Borg dyspnea score. The secondary outcomes

included cardiopulmonary hemodynamic measurements, NT-

proBNP levels, mortality and adverse effects.

Search  methods

The search for publications was made in the following

scientific electronic databases: CENTRAL (Cochrane Central

Register of Controlled Trials), MEDLINE, and EMBASE. The

search was made between January 1966 and April 2019.

The search terms included were: ((“Hypertension, Pul-

monary”[Mesh] OR “pulmonary hypertension” OR “pulmonary

arterial hypertension”) AND (“Scleroderma, Systemic”[Mesh]

OR “systemic sclerosis”)) AND ((treatment OR “Therapeu-

tics”[Mesh]) OR (Bosentan OR Ambrisentan OR Macitentan

OR Sitaxsentan OR Sildenafil OR  Tadalafil OR  Vardenafil OR

Riociguat OR Selexipag OR Epoprostenol OR Iloprost OR Tre-

prostinil OR Beraprost)).

Data  collection  and  analysis

Selection  of  studies

Selected studies were assessed by two researchers. The fol-

lowing data was obtained: publication details (title, first

author, publication date), study design, details of the study

participants (number of patients included, demographic

characteristics), type of intervention, type of comparator,

follow-up time, and outcomes with their corresponding effect

measurement.

Quality  and  risk  of  bias  assessment

The methodological quality of the studies was assessed based

on the type of study design, following the Cochran Handbook

for Systematic Reviews of Interventions,5 including the risk

of bias. In cohort and case–control studies, the  Scottish Inter-

collegiate Guidelines Network (SIGN) checklist was  applied for

the methodological assessment.6

Measurement  of treatment  effects

For the measurement of pharmacological treatment effects,

a descriptive and exploratory analysis for every quantitative

variable was  presented by central tendency and dispersion

measurements, and by frequency measurements for qualita-

tive variables, including descriptive graphics. Finally, based on

the data available, a  meta-analysis was  developed when it was

possible.

Results

A  total of 870 studies were found during the initial search.

Of these, 195 studies were selected based on the title; then

120 studies were selected based on abstracts for full reading.

Finally, 20 studies were included, as they fulfilled the inclusion

criteria (see Fig. 1). The definition of arterial pulmonary hyper-

tension had been changed since 2019, lowering the normal

value of median pulmonary pressure to 20 mmHg, however,

all of the studies used the previous cut-off point of 25 mmHg.

Of the 20 studies, 8 were randomized clinical trials, 2 were

non-randomized clinical trials, 9 cohorts, and 1 case–control

study. Of these, 13  studies included Bosentan as monotherapy

or in combination. A summary of the characteristics of the

studies is described in Tables 1 and 2.

After this search and data analysis, an active search was

done specifically for Macitentan, Vardenafil and Beraprost,

without finding any additional reference.

The quality of evidence assessment found that in general,

the clinical trials have an overall adequate quality. The risk of

bias in  the  clinical trials is presented in  Figs. 2 and 3. The study

with more  limitations was the one conducted by Badesh and

colleagues13 that uses Epoprostenol. It is important that the

other study using this medication is of low quality,10 as  it is

going to be presented later. The most frequent biases in the

studies were related to the blinding of participants, personnel

and researchers.

The quality assessment of cohort and case–control stud-

ies using the SIGN checklist specific for each type of study

is presented in Table 3 and Table 4,  respectively. In general,

the quality of the studies was  not the best, as  several biases

may be present, according to  the checklist. The most frequent

biases were the lack of data regarding desertion of partici-

pants, data analysis of deserting participants, and blinding

during outcome analysis.

The studies that did not include Bosentan as  treatment

are  mostly clinical trials. A total of 342 patients with SSc-PHT

with treatment, and 187 patients with placebo were included.

Except for two  studies, all of them used different medications.

The two studies that used Epoprostenol as treatment,10,13

could not be used in posterior analysis due to the type of

study and the limited amount of patients included. Given

these characteristics of the  studies, it was not possible to do a

meta-analysis in the group that did  not use Bosentan.

Regarding the results in patients with SSc, Xelexipag7

reduced the risk of events based on a  compound outcome

(including mortality, changes in functional class, hospitaliza-

tions and adverse events, requirement of lung transplants,

requirement of balloon atrial septostomy, and use of intra-

venous prostanoids), compared to placebo (HR: 0.59; 95%

CI = 0.41–0.85). Selected patients in  the analysis of the study

were part of the GRIPHON trial, and they were grouped with

those with an  autoimmune etiology of the PHT, including

patients with SSc, systemic lupus erythematosus, mixed con-

nective tissue disease, and non-differentiated.
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870 studies identified

through database

searching (CENTRAL,

PUBMED,EMBASE)

675 unrelated studies

70 studies

excluded for not

having SSc data
195 studies

screened by title

105 of full-text articles excludede:

- No group control: 86 studies

- Full study not available: 19 studies

20 studies

included in

qualitative

synthesis

125 studies

selected for

full-text articles

after reading the

abstracts
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Fig. 1 – Flowchart of studies selection, assessment and inclusion.

Table 1 – Summary of studies that did not include Bosentan as treatment.

Study Year Type of  study Treatment Control Outcomes SSc patients with

treatment

SSc patients

without

treatment

Gaine7 2017 RCT Selexipag Placebo 6-MWT

NYHA

Mortality

NT-Pro BNP

Hospitalizations

Safety

77 93

Coghlan8 2017 RCT Ambrisentan

Tadalafil

Monotherapy 6-MWT

NYHA

Mortality

NT-Pro BNP

Hospitalizations

Safety

118

Humbert9 2017 RCT Riociguat Placebo 6-MWT

NYHA

Borg

Hemodynamics

NT-Pro BNP

Hospitalization

43 16

Shirai10 2013 COO Epoprostenol Placebo Mortality 4 4

Galie11 2005 RCT Sildenafil Placebo 6-MWT 30 8

Oudiz12 2004 RCT Treprostinil Placebo 6-MWT

NYHA

Hemodynamics

25 20

Badesch13 2000 CT Epoprostenol Non-placebo

previous therapy

6-MWT

Borg

Hemodynamics

45  46

RCT: randomized clinical trial; CT: non-randomized clinical trial; COO: cohort; SSc: systemic sclerosis; NYHA: New York Heart Association;

6-MWT: 6-minute walk test; Borg: Borg dyspnea score.
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Table 2 – Summary of studies that include Bosentan as treatment.

Study Year Type of  study  Treatment Control Outcomes SSc patients with

treatment

SSc  patients

without

treatment

Pestaña14 2019 COO Bosentan

Sildenafil

Combined Mortality

Safety

76

Rotondo15 2017 COO Bosentan Placebo 6-MWT

NYHA

NT-Pro BNP

21 52

Lammi16 2016 COO Bosentan

Ambrisentan

Sildenafil

Tadalafil

Combined NYHA

Mortality

Hospitalization

98

Launay17 2010 COO Bosentan Bosentan Mortality 49

Simeoni18 2008 C–C Bosentan Placebo NT-Pro BNP 10  10

Mathai19 2007 COO Bosentan

Sildenafil

Combined 6-MWT

NYHA

12

Murdaca20 2016 CT Bosentan Placebo 6-MWT

Borg

Mortality

NT-Pro BNP

25 44

McLauglin21 2006 COO Bosentan Placebo Mortality 50

Barst22 2006 RCT Bosentan

Sitaxentan

Bosentan

Placebo

6-MWT

Borg

NYHA

57  17

Williams23 2006 COO Bosentan

Epoprostenol

Iloprost

Treprostinil

Epoprostenol

Iloprost

Treprostinil

6-MWT

NYHA

Mortality

Hemodynamics

92

Girgis24 2005 COO Bosentan Bosentan 6-MWT

Mortality

Safety

17

Rubin25 2002 RCT Bosentan Placebo 6-MWT

NYHA

Borg

33  14

Channick26 2001 RCT Bosentan Placebo 6-MWT

NYHA

Hemodynamics

Safety

21  11

RCT: randomized clinical trial; CT: non-randomized clinical trial;  C–C: case–control; COO: cohort; SSc: systemic sclerosis; NYHA: New  York  Heart

Association; 6-MWT: 6-minute walk test; Borg: Borg dyspnea score.

Random sequence generation (selection bias)

Allocation concealment (selection bias)

Blinding of participants and personnel (performance bias)

Blinding of outcome assessment (detection bias)

Incomplete outcome data (attrition bias)
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Fig. 2 – Risk of bias graph: reviews authors’ judgments about each risk of bias item presented as percentages across all

included clinical trial studies.
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Fig. 3 – Risk of bias summary: reviews authors’ judgments about each risk of bias item for each included clinical trial study.

Riociguat9 at a dose of 2.5 mg/day, improved the  6-minute

walk distance test (18±51 m),  compared to placebo (−8±110 m)

after 12 months during the PATENT-1 trial, with patients pre-

senting different autoimmune diseases. The effect was minor

in patients with SSc, in whom the improvement was  4±47 m,

although the control group without treatment presented a

greater deterioration of −37±120 m. This benefit continued

until two years of follow-up, according to the results from the

PATENT-2 trial. Additionally, hemodynamic variables such as

pulmonary vascular resistance improved, serum levels of NT-

pro BNP were reduced, and NYHA functional class improved or

became stable in 97% of patients, being 22% greater compared

to the control group. There were no differences in  two-year

mortality compared with non-autoimmune PHT patients.

Sildenafil11 given at any dose improved the 6-minute walk

distance test in  45–50 m (p = 0.001), reduced pulmonary pres-

sures in 2–4 mmHg  according to the given dose (p > 0.05), and

improved the NYHA functional class in one level in 20–30% of

patients, compared to  placebo, according to the given dose

(95% CI = 16–42%, p  > 0.05). Adverse events such as flushing,

diarrhea and other gastrointestinal symptoms were increased.

Treprostinil12 improved hemodynamic variables such as

cardiac index and pulmonary resistance (p = 0.006), improved

the mean 6-minute walk distance to 25 m (p  = 0.05) with a  dose-

dependent effect, being those patients who received more

than 9 ng/kg/min the ones  with greater improvements. Dys-

pnea scores improved compared to placebo after 12 weeks  of

treatment. More  side effects such as injection site reactions

and those related with the  use of prostanoids were identified;

however, patients had an  adequate tolerance in  most cases,

without the suspension of the treatment.

The use of Epoprostenol in the non-randomized clini-

cal trial13 increased the mean 6-minute walk distance in

46 m,  compared to a  mean reduction of −48  m in  the con-

trol group using conventional therapy, after 12 weeks of

treatment. The 108 meters’ difference was  significant (95%

CI = 58–180 m, p = 0.001). They found a  reduction in  pul-

monary pressures of 6 mmHg, and also in pulmonary vascular

resistances. Twenty-one patients from the treatment group

presented improvement in NYHA functional class, while no

patients improved in the control group. Raynaud phenomenon

and digital ulcers also improved in the patients receiving

Epoprostenol. The case–control study10 does not allow making

additional conclusions due to a limited sample of 4 patients,

although it refers an improvement in mortality.

Combined therapy was assessed with patients from the

AMBITION trial,8 in  which the combined therapy of Ambrisen-

tan plus Tadalafil was compared against monotherapy with

the same agents. The primary outcomes including thera-

peutic failure (defined as  a  worsening in functional class, in

6-minute walk test, use of prostanoids, transplant or atrial

septostomy requirement), occurred in  less proportion in those

patients receiving combined therapy (20%), compared to  those

receiving monotherapy (41%) (HR: 0.44; 95% CI  = 0.22–0.89).

Considering secondary outcomes, a  reduction in NT-pro BNP

levels and an improvement of 404±12  m in  the 6-minute walk

test were found. Regarding adverse events, peripheral edema

was developed in 44% with combined therapy, compared to

26% of patients receiving Ambrisentan monotherapy and 33%

of patients with Tadalafil monotherapy. No differences were

found for  the development of headache, anemia or syncope.

Most studies that included Bosentan were cohorts, fol-

lowed by 3 controlled clinical trials (2 evaluated Bosentan

vs. placebo, and 1 also evaluated Sitaxsentan), and one

case–control study. An overall of 504 patients with SSc-PHT

receiving treatment, and 148 patients without treatment for

the control groups, were included.

The pilot clinical trial26 grouped 32 SSc patients with

class III NYHA functionality, randomized in a  2:1 relation to

Bosentan 125 mg every12 h or  placebo. After 12 weeks of treat-

ment, an  improvement of 76 m in the 6-minute walk test

(95% CI = 12–139 m; p = 0.02) was found. The improvement was

maintained after 20 weeks of treatment. They also found an

improvement in hemodynamic parameters including cardiac

index and a  reduction of vascular resistances (p = 0.002), and

in preset outcomes (Borg dyspnea score, NYHA functional

class, and medication withdrawal due to clinical worsen-

ing). However, this data was derived from the  whole group of
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Table 3 – Quality of evidence assessment of cohort studies using the SIGN checklist.

SIGN checklist for critical appraisal of evidence in cohort studies Studies

Pestaña-

Fernández,

M  (2019)

Lammi, M

(2016)

Rotondo,

C  (2015)

Shirai, Y

(2013)

Launay, D

(2009)

Mathai,

SC (2007)

Williams,

MH  (2006)

McLaughlin,

VV (2006)

Girgis RE

(2005)

The study addresses

an appropriate and

clearly focused

question.

Yes  Yes Yes Yes Yes Not clear Yes Not clear Yes

Selection of subjects The two  groups being  studied  are  selected

from source populations that are

comparable in all respects other than the

factor under investigation.

Yes Yes Yes Yes Yes Yes  Yes Yes Yes

The study indicates how many of the

people asked to take  part did so, in each

of the groups being studied.

N/A  N/A No N/A Not clear N/A No No N/A

The likelihood that some eligible subjects

might have the outcome at  the  time of

enrolment is assessed and taken into

account in the analysis.

Yes N/A Yes N/A Yes N/A Yes Not clear N/A

What percentage of individuals or

clusters recruited into each  arm of  the

study dropped out before the study was

completed.

N/A N/A <20% N/A <20% N/A Not clear N/A N/A

Comparison is  made between full

participants and those lost  to follow up,

by exposure status.

N/A N/A N/A N/A N/A N/A No N/A No

Assessment The outcomes are clearly defined. Yes Yes Yes Yes Yes Yes  Yes Yes Yes

The assessment of  outcome is made blind

to exposure status. If  the study is

retrospective this may not  be applicable.

N/A  N/A Not clear N/A Not clear N/A Not clear Not clear N/A

Where blinding was not  possible, there is

some recognition that knowledge of

exposure status  could have  influenced

the assessment of outcome.

N/A N/A Not clear N/A Not clear Yes  No No Yes

The method of  assessment of exposure is

reliable.

Yes Yes Yes Yes Yes Yes  Yes Yes Yes

Evidence from  other sources is  used to

demonstrate that the method of outcome

assessment is  valid and  reliable.

Yes Yes Yes Yes Yes Yes  Yes Not clear No

Exposure level or  prognostic factor is

assessed more than once.

Yes  Yes Yes Yes Yes Yes  Yes N/A Yes

Confounding The main potential confounders are

identified and  taken into account in the

design and analysis.

Not  clear Yes Not clear Not clear Yes Not clear Yes No No

Statistical analysis Have confidence intervals been  provided? Yes Yes No Yes Yes Yes  Yes No No
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Table 4 – Quality of evidence assessment of case–control studies using the SIGN checklist.

SIGN checklist for critical appraisal of evidence in case–control studies Study

Simeoni,  S (2008)

The study addresses

an appropriate and

clearly focused

question.

Yes

Selection of subjects The  cases and  controls are taken from comparable populations. Yes

The same exclusion criteria  are used for both cases  and controls. Yes

What percentage of  each  group (cases and controls) participated in the study? Not clear

Comparison is made between participants and non-participants to establish their

similarities or differences.

No

Cases are clearly defined and differentiated from controls. Yes

It is  clearly established that controls are non-cases. Yes
Assesment Measures will have  been taken to prevent knowledge of primary exposure influencing case

ascertainment.

Yes

Exposure status is measured in a  standard, valid and reliable way. Yes

Confounding The main potential confounders are identified and taken into  account in the design and

analysis.

No

Statistical analysis Confidence intervals are provided. No

patients, and no stratification analysis was made to identify

the improvements only for SSc patients.

The BREATHE-1 trial25 compared Bosentan vs. placebo in

patients with PHT, including those with SSc. An improvement

in the 6-minute walk test (44 m; 95% CI = 21–67 m; p > 0.001),

Borg dyspnea score and WHO  functional class was found.

Based on the subgroup analysis, the  authors considered that

Bosentan may have a preventive effect on patients with SSc,

considering a  decline in exercise capacity, with an  improve-

ment of 3 m compared to placebo (reduction of 40 m)  using

the 6-minute walk test. No significant differences were found

for mortality. The safety profile showed that the presence of

abnormal hepatic biochemical profiles was  dose-dependent.

The 3-year follow-ups of the  patients included in  these

trials were  compared with historical controls, showing a one-

year survival of 85%, and a two-year survival rate of 70% with

Bosentan monotherapy. Patient’s survival with Bosentan vs.

Epoprostenol was  82% during the first year of treatment, and

67% during the second year, in 30% of patients. The follow-

ups also showed that survival was lower in patients with SSc,

compared to those with idiopathic PHT.21

The study that assessed the use of Sitaxsentan vs. placebo,

and vs. Bosentan22 in the 6-minute walk distance used an

open arm without blinding for Bosentan. Patients with PHT

of different etiologies were included (30% of patients with

connective-tissue diseases-associated PHT without specifying

how many  patients had SSc). For all patients, an  improve-

ment of 31.4 m with a  dose of 100 mg  (p = 0.03); 24.2 m with

a dose of 50 mg (p = 0.07), and 29.5 m with Bosentan (p = 0.05),

was observed compared to placebo. Additionally, Sitaxentan

improved the WHO  functional class (p  = 0.04).

Between the non-randomized studies, a  retrospective

cohort from the RESCLE Spanish registry was found.14 Of

1817 patients with SSc, 76 had SSc-PHT, receiving monother-

apy with phosphodiesterase inhibitors or endothelin receptor

antagonists as  initial combined therapy, or as  a combined

sequential therapy. They compared mortality rates at 1, 3, 5

years between the groups. The sequential combination group

had the lowest mortality (HR: 0.11; 95% CI = 0.03–0.5; p = 0.004).

One-year survival was 78% for monotherapy, 94% for initial

combined therapy, and 95% for sequential therapy; three-year

survival was 40% for  monotherapy, 51% for initial combined

therapy, and 81% for sequential therapy; five-year survival

was 31% for monotherapy, 34%  for initial combined ther-

apy, and 56% for sequential therapy (p = 0.007). No significant

differences were found between the groups regarding the

development of adverse events.

The study conducted by Lunay and colleagues,17 also

analyzed mortality with the use of combined therapy with

phosphodiesterase inhibitors. Survival data was  compared

with a cohort from the same study group that was previously

published. One-, three- and five-year survival rates were 92%,

89% and 79%, respectively with Bosentan; and 80%, 56%  and

51% respectively for patients with SSc-PHT (p = 0.001). Another

study with mortality analysis23 shows differences between the

control group and those patients using Bosentan. However,

the control group was using prostacyclins, and patients had

greater lung fibrosis, and worse functional capacity, making

the results not reliable, as  these conditions were not consid-

ered during the analysis.

The rest of case–control studies and cohort studies,

reunited 449 patients, and they showed variable assessed out-

comes. Two studies in  patients with SSc-PHT assessed as main

outcome the  levels of NT-pro BNP,17,18 without finding a signif-

icant reduction after the first or second year using Bosentan.

It was  not related to  the significant change in the NYHA func-

tional class (p = 0.01), and the improvement in the 6-minute

walk distance (p = 0.04). The other study with less patients

found a  reduction of NT-pro BNP after 7  months of treatment,

but it was not statistically significant (p  = 0.6).

A third study20 assessed the levels of NT-pro BNP  in  patients

with SSc who developed digital ulcers and were treated

with Bosentan. They also assessed the development of PHT

using echocardiographic estimation, finding a reduction of the

mean pulmonary pressure. No patients developed PHT in  the

group receiving Bosentan, compared to those from the control

group in which 7 patients developed the condition. Patients

from the  Bosentan group achieved a reduction of pulmonary



144  r  e v c o  l o m b  r  e u m a t  o l . 2 0  2 1;2 7(S  1):135–145

pressure values, while patients from the control group pre-

sented an increase of these values (p = 0.001). Borg dyspnea

scores improved in  the  Bosentan group (p  = 0.001) and the NT-

pro BNP values decreased compared to the  initial ones, in

contrast to the control group (p = 0.004).

A cohort of 98 patients16 from the PHAROS registry

database compared the effect of adding phosphodiesterase

inhibitors to endothelin receptor antagonist monotherapy

with Bosentan or Ambrisentan. The outcome of time to clini-

cal worsening was defined as an  increase in symptoms, death,

hospitalizations, or need of prostanoids. Clinical worsening

developed earlier in the group of patients with monotherapy,

compared to those with combined therapy or phosphodi-

esterase inhibitors. The multivariate analysis showed that the

initial use of endothelin receptor antagonist monotherapy was

associated with a  shorter time to clinical worsening, com-

pared to combined therapy or phosphodiesterase inhibitors

(HR: 2.63; 95% CI = 1.28–5.56; p = 0.009). There were no sig-

nificant differences between the groups at the beginning of

follow-up.

Another study analyzed the combination of endothelin

receptor antagonists and phosphodiesterase inhibitors in

patients with PHT in  whom Bosentan monotherapy failed.

They found that in patients with SSc, the  improvement in

NYHA functional class and 6-minute walking distance was

inferior. This same comparison between groups (SSc-PHT vs.

idiopathic PHT) using Bosentan monotherapy24 found the

same results, with better response outcomes in patients with

idiopathic PHT vs. those with SSc, regarding the WHO  func-

tional class.

A development of a meta-analysis was  attempted by the

researchers, especially for those studies using Bosentan. How-

ever, the lack of specific data and the heterogeneity in the

comparison groups did not allow it for outcomes such as dys-

pnea scores or NYHA functional class.

Two clinical trials of Bosentan vs. placebo assessed as main

outcome the 6-minute walk test. In the study by Rubin and

colleagues,25 data could be inexactly extracted as  a graphic.

However, in the study by Channick and colleagues26 no specific

data for patients with SSc was  given, making impossible the

development of a  meta-analysis. In the observational studies,

a meta-analysis was  not made regarding the 6-minute walk

distance because: (1) one study did not use a control group as

comparison15; (2) another study compared the results with a

group of patients with idiopathic PHT19;  (3)  .23

Discussion

After the systematic literature review, it was found that there

is evidence available, derived from trials for  the treatment of

PHT that include patients with SSc. They show a  beneficial

effect with the use of different pharmacological agents, espe-

cially represented by the improvement in the  6-minute walk

distance which was  the most frequent test used during the

follow-up of  patients. The positive effects in the 6-minute walk

test were seen with the use of endothelin receptor antago-

nists such as Ambrisentan and Bosentan (the last  one had the

greatest amount of studies using it), prostanoids, phosphodi-

esterase inhibitors such as Sildenafil, and Riociguat which also

presents improvements in other outcomes including NYHA

functional class and Borg dyspnea score. The outcome of mor-

tality was also satisfactory in several studies, as survival rates

presented an improvement compared to historical cohorts

and even similar rates than patients with different etiologies

of PHT with better prognosis such as those with idiopathic

PHT. Likewise, several hemodynamic measurements and bio-

chemical markers such as  NT-pro BNP showed improvements

during follow-ups.

Despite these findings, there are still several difficulties

and interrogations to solve about this topic. More  data is

required to solve the  following situations: identifying the best

therapy for this group of patients, if  these patients benefit

more  with an early combined therapy, if any of the phar-

macological agents is  superior to  others, and the  impact of

non-pharmacological treatments such as rehabilitation. There

is also limited data regarding patients with concomitant pul-

monary pathologies which are frequent in those with SSc.

The benefits presented by the evidence available should

be  assessed with tools that could demonstrate also direct

improvements over symptoms and quality of life, especially

considering that the most frequent outcome assessed in  the

studies was the  6-minute walk test, which has some rela-

tionship with mortality in  the initial measurements, but its

variation from the initial measurement has limited prognos-

tic significance. Even so, other hemodynamic and biochemical

outcomes have greater prognostic value for mortality, but they

were not frequently used in the studies included.

The overall quality of evidence for the studies included

was moderate for clinical trials, according to GRADE classi-

fication, and in  some cases it was high,7,11,12,16 as they were

derived from the main trials of pharmacological treatment.

The GRADE classification for the non-randomized trials was

low, and in some cases very low given their risk of bias.

Regarding the development of a  meta-analysis of selected

studies, it was not possible in any case due to the design het-

erogeneity, the number of different pharmacological agents

studied, the comparison populations, the differences in the

follow-up times for the measurement of outcomes, and the

absence of specific data for patients with SSc.

Conclusion

Evidence available regarding pharmacological treatment of

SSc-PHT show that the use of medications approved is asso-

ciated with an  improvement in clinical and not clinical

outcomes, favoring their implementation in  the  therapeutic

schemes for this disease. Most studies suggest the use of

combined therapy with multiple pharmacological agents to

achieve a better response. However, the evidence available

is still limited for patients with SSc, and future research is

required to develop specific recommendations regarding the

best pharmacological treatment and the best combination

therapy.
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